Three novel quinolizidine alkaloids, N-methylenehydroxycytisine (1), 6,7-dihydroxylupanine (2), and velutinine (3) have been isolated from the fruits and pods (1 and 2) and stem bark (3) of Sophora velutina subsp. zimbabweensis along with the known quinolizidine alkaloids, 7-hydroxylupanine (4), thermopsine (5), N-methylcytisine (6), cytisine (7), an aromatic ester, methyl-3-(3',4'-dimethoxyphenyl)-2-propenoate (8) and the triterpenoids, lup-20(29)-ene-3β-ol (9) and 12-oleanen-3-one (10). Compounds 6 and 10 showed good antibacterial activity against E. faecalis, with MIC values of 20.8 and 10.9 μg mL -1 , respectively. The other compounds tested exhibited low to moderate antibacterial activity.
Quinolizidine alkaloids, also called lupine alkaloids, found abundantly in the Fabaceae, are well-known for the existence of a structural unit in which a nitrogen atom occupies a central position in two fused cyclohexane rings [1] . In the Fabaceae, about 170 quinolizidine alkaloids have been reported so far [2] ; these compounds are used as chemotaxonomic markers useful in delimiting subfamily groups [3, 4] . Quinolizidine alkaloids, such as matrine and oxymatrine, have been reported to possess sedative, depressant, anti-tumor, anti-pyretic, cardiotonic and anti-hepatitis B viral activity [5, 6] .
The genus Sophora L., with ± 50 species, is widespread from southeastern Europe to temperate Asia, and south through tropical regions to Australasia and the Pacific. It is poorly represented in Africa [4] . Among the African taxa is the large woody shrub S. velutina, a highly localized Zimbabwean endemic described relatively recently [7] . No ethnomedicinal applications for subsp. zimbabweensis in Zimbabwe have been documented [8] . Although we have been unable to trace recorded uses in traditional medicine of any of the infraspecific taxa of S. velutina, other genus members are so employed, especially in China. The most widely used of these is S. flavescens Aiton, reputedly for its anti-inflammatory, analgesic, antipyretic, stomachic, anti-cancer, diuretic, anthelminthic, antibacterial, antiviral and antidiarrheal properties. As such, S. flavescens preparations are used to treat enteritis, dysentery, respiratory tract infections, leucorrhea, colpitis, jaundice, gastrointestinal hemorrhages, and skin disorders, such as scabies, carbuncles, dermatosis and eczema [9] [10] [11] [12] [13] [14] [15] .
Phytochemical investigations of several species of Sophora have revealed quinolizidine alkaloids. S. velutina subsp. zimbabweensis, the subject of the present study, has previously been investigated, yielding three alkaloids from the leaves: a quinolizidine alkaloid (cytisine), and two lupanine-type alkaloids, (+)-lamprolobine and (+)-9-hydroxylamprolobine [16] . A further well known alkaloid, N-methylcytisine, was found in the seeds, along with two isoflavonoids, pseudobaptigenen and calycosin [17] . Such isoflavonoids are also commonly known from the Fabaceae [18] . The current study was undertaken to isolate constituents from various plant organs of S. velutina subsp. zimbabweensis and to ascertain their antibacterial activity. This was in view of the traditional usage profiles of other Sophora species, and the known antibacterial activity of various alkaloids [19] .
Three new alkaloids, N-methylenehydroxycytisine (1), 6,7dihydroxylupanine (2) and velutinine (3) were isolated from S. velutina, along with the known alkaloids, 7-hydroxylupanine (4) [20] , thermopsine (5) [21] , N-methylcytisine (6) [22] and cytisine (7) [16] , as well as an aromatic ester, methyl-3-(2',4'dimethoxyphenyl)-2-propenoate (8) , and the triterpenoids, lup-20(29)-ene-3β-ol (9) [23] and 12-oleanen-3-one (10) [24] . Of these ten compounds, only 6 and 7 have been reported previously for S. velutina. The structures of the known compounds were confirmed by 1D and 2D NMR spectroscopy and by comparison with published literature data [16, [20] [21] [22] [23] [24] .
Compound 1 was obtained as brown crystals. Its IR spectrum exhibited absorption bands at 3424 cm -1 (O-H stretch [broad band]), 2931 cm -1 (C-H stretch), 1654 cm -1 (α,β-unsaturated N-C=O carbonyl stretch), 1560 cm -1 (C=C aromatic stretch) and 1431 cm -1 (C-N stretch). The 1 H and 13 C NMR spectra were close to those of N-methylcytisine, with the notable absence of the N-methyl singlet resonance at  H 2.09 in N-methylcytisine and the appearance of a methylene singlet at  H 2.69. The N-methyl carbon resonance at  C 46.15 in N-methylcytisine was absent and a methylene carbon resonance at  C 79.69 occurred instead. This was indicative that the methyl group in N-methylcytisine had been oxidized to a methylenehydroxy group in 1. . The 13 C NMR spectrum showed the presence of twelve carbon resonances with five methylene, two methine, three protonated, one non-protonated olefinic, and a carbonyl resonance. The resonances at  C 163.5 (C=O), 151.3 (C-6) and the C-N resonances at  C 50.0 (C-10), 58.7 (C-11) and 57.7 (C-13) suggested the presence of a tricyclic lupine structure. The methylene signal at δ C 79.69 is ascribed to the Nmethylenehydroxy group. The position of the methylenehydroxy substituent at the nitrogen atom is consistent with HMBC correlations between 2H-14 and both C-11 and C-13. The carbonyl resonance at δ C 163.5 was confirmed to be that of the pyridine carbonyl group at position 2 because of HMBC correlations to H-3 and H-4, and the other singlet carbon resonance at δ C 151.0 to C-6 because of HMBC correlations to H-4, H-5 and H-8 eq . The two methine carbon resonances at δ C 34.7 and δ C 27.9 were assigned to C-7 and C-9 respectively because of a HMBC correlation between C-7 and H-5 and between C-9 and 2H-10. In addition, H-10 eq showed a HMBC correlation to C-8.
The relative configuration of the molecule was deduced from the NOESY spectrum and based on the bridge being alpha, consistent with cytisine (7) . With the bridge being alpha, molecular models show that H-7 and H-9 must also be alpha. This was confirmed by NOESY correlations between the H-8 resonances and H-7 and H-9. A NOESY correlation between this H-7 resonance at  H 2.71 and one of the H-10 resonances at  H 4.00 indicate that this H-10 resonance is also alpha. We did not carry out further experiments to determine the absolute configuration since all the sample was used for biological assays. Unfortunately, the molecular ion could not be detected in the HRMS. We postulate that the N-methylenehydroxy group is unstable and cleaves with a concomitant hydrogen transfer resulting in the stable cytisine before reaching the detector. The molecular fragment at m/z 190 for cytisine is seen in the EIMS.
Compound 2, a brown oily substance, showed IR absorption bands at 3378 cm -1 (O-H stretch), 2930 cm -1 and 2856 cm -1 (C-H stretch), and 1677 cm -1 (N-C=O carbonyl stretch). The HRMS indicated a mass of 280.1828 consistent with a molecular formula of C 15 H 24 N 2 O 3 (calculated 280.1787). A base peak at m/z 154 is consistent with the fragmentation pattern for the quinolizidine alkaloid lupanine [25] , but with a hydroxy group at C-6. The 1 H NMR spectrum showed characteristic resonances for lupanine type alkaloids at δ The 13 C NMR spectrum had twelve visible resonances, with overlapping signals for H-3 and H-5 at δ C 32.9. This accounts for thirteen of the fifteen carbon resonances in the molecule, with the two tertiary oxygenated carbon resonances overlapping with the solvent peak at  C 76.7 and  C 77.0 accounting for the remaining two resonances. There were two methine carbon signals in the 13 C NMR spectrum at δ C 39.1 and δ C 66.5, consistent with those of C-9 and C-11 when compared with 7-hydroxylupanine (4). Their corresponding proton resonances overlapped at δ H 2.62 in the 1 H NMR spectrum. This proton resonance showed COSY correlations to the two proton resonances of H-10 (equatorial and axial) and H-8 (equatorial and axial) supporting the assignment of H-9. Four carbon resonances at δ C 27.7, 39.1, 66.5 and 172.7 showed strong HMBC correlations to the proton resonances of H-10ax and H-10eq. One was the carbonyl resonance at C-2 (δ C 172.7), two were the methine resonances of C-11 ( C 66.5) and C-9 (39.1), and the remaining methylene resonance at  C 27.7 was assigned to C-8. COSY correlations could also be seen between H-11 and H-12 at δ H 1.70 and δ H 1.39, respectively. The resonances of 2H-3 and 2H-5 overlapped at  H 2.62, and 2H-4 was present at  H 1.88. These assignments were made in comparison with 7-hydroxylupanine and were consistent with HMBC correlations between C-2 and both 2H-3 and 2H-4. The 13 C NMR resonances compare well with both 7hydroxylupanine (4) and 6-hydroxylupanine.
The relative configuration of the molecule was determined using NOESY correlations and based on the bridge being beta, consistent with that of (+)-lupanine, since 2 had an  D of +41.67. Molecular models show that when the bridge is beta, the substituents at C-9 and C-7 must also be beta. This was confirmed by NOESY correlations between the beta proton of H-9, one of the H-10 protons and the H-8 protons. The H-11 proton was given the alpha orientation consistent with that of (+)-lupanine. Due to the small sample size isolated, further experiments to determine the absolute configuration were not possible as all available sample was used for bioassay experiments.
Compound 3 was isolated as white crystals. Its IR spectrum showed the presence of a hydroxyl group stretch at 3423 cm -1 , a C-H stretch at 2926 cm -1 , a C=O stretch at 1618 cm -1 and an aromatic C=C stretch at 1508 cm -1 . The low stretching frequency of the carbonyl stretch is due to the extended conjugated system present in the molecule. The HRMS indicated a mass of 284.0759, consistent with C 15 H 12 N 2 O 4 (calculated 284.0797) and the EIMS showed a fragment at m/z 267, which was the loss of a hydroxyl group, as well as the molecular ion base peak at M + 284. this proton resonance more than its equatorial counterpart [26] present at δ H 4.20 (dd, J = 11.0 Hz, 5.0 Hz), as indicated in the HSQC spectrum. For the more stable chair conformation to exist with rings B and C, the nitrogen lone pair must face away from the bridge. The molecule therefore has a relative configuration of the bridge being beta and the lone pairs on the two nitrogen atoms being alpha. The axial H-10 proton is also alpha and the equatorial H-10 proton beta. As with the other samples, the absolute configuration was not determined due to the sample being used for biological assays.
Both H-10 resonances showed a COSY correlation with the multiplet at δ H 3.47 (H-9), which is more downfield than those observed in cytisine and N-methylcytisine, where H-9 resonated between δ H 2.32 and 2.40. The H-9 proton also showed a COSY correlation with the oxygenated methine resonance at δ H 5.45 (d, J = 7.0 Hz), which was attributed to H-8. This was supported by HMBC correlations between H-8 and both C-6 and C-10. There were two other more deshielded singlet resonances at δ H 6.41 and 6.70. Both these resonances showed HMBC correlations to the resonances at δ C 154.2 (C-11) and 148.1 (C-14), with  H 6.70 showing an additional correlation to δ C 141.7 (C-13), and  H 6.41 showing an additional correlation to δ C 112.6 (C-7). This prompted  H 6.70 to be assigned to H-12 and the resonance at δ H 6.41 to H-16. HMBC correlations between H-9 and both C-7 and C-11 supported these assignments. The C-2 and C-6 resonances, both with approximately the same chemical shift, were distinguished by HMBC correlations to H-3 and H-8, respectively. The carbon signal at δ C 101.1 and its corresponding proton resonances at δ H 5.90 and 5.87, both doublets (1.5 Hz) were consistent with that of a methylenedioxy group, which was placed at C-13 and C-14 in the molecule since HMBC correlations were seen between both these non-equivalent resonances to both C-13 and C-14. The more deshielded carbon signal was assigned to C-14 due to the inductive electron withdrawing effect of both the oxygen and the nitrogen. This is the first report of compound 7 and we have given it the trivial name velutinine. 
Extraction and isolation:
The air dried plant parts (fruits, pods and leaves) were ground in a domestic blender or milled (stem and bark) and then extracted separately using a Soxhlet apparatus with nhexane, dichloromethane, ethyl acetate and methanol, successively for 24 h each. Extraction of 750 g of the fruits and pods yielded 47.7 g, 20.0 g, 28.4 g and 68.3 g of n-hexane, dichloromethane, ethyl acetate and methanol extracts, respectively. Extraction of 640 g of the leaves and 703 g of the stem and bark yielded 48.2 g, 9.3 g, 26.2 g and 83.9 g (leaves) and 7.0 g, 2.4 g, 7.9 g, and 3.0 g (stem and bark) for the 4 solvents mentioned above.
The n-hexane extract was eluted with 2 L each of a n-hexane: dichloromethane step gradient 100:0, 90:10, 80:20, 70:30, 60:40, 0:100 and then 1% and 2% methanol in dichloromethane. Fractions 91-95 were further purified with 35% dichloromethane in n-hexane to yield lup-20(29)-ene-3-ol (9) (25.0 mg). The dichloromethane extract was eluted with a n-hexane: dichloromethane step gradient as for the n-hexane extract, followed by 1%, 2%, 3% and 5% methanol in dichloromethane. Fractions 90-92 were purified further with 2% methanol in dichloromethane, from where N-methylcytisine (6) (21.5 mg) was obtained. Fractions 181-189 was purified with 3% methanol in dichloromethane to yield thermopsine (5) (23.3 mg).
The methanol and ethyl acetate extracts were combined and dissolved in a 1:1 mixture of methanol: water (500 mL in total). This solution was then acidified with 4M HCl to pH 4 and extracted with 3 x 250 mL portions of chloroform. The chloroform extracts were combined and evaporated to produce 67.1 g of extract A. The aqueous phase was then basified to pH 9 using 4 M NH 4 OH and extracted with 3 x 250 mL portions of chloroform. The combined chloroform extracts yielded 5.6 g of extract B. Extract A did not yield any compounds of interest on separation. Extract B was separated on a 2 cm column with a methanol: dichloromethane step gradient of 100% dichloromethane (500 mL) and then 1 L each of 2%, 4%, 6%, 8% and 10% methanol in dichloromethane, collecting 50 mL fractions. The combined fractions 25-30 were purified further using 8% methanol in dichloromethane and yielded 6,7dihydroxylupanine (2) (23.6 mg); fractions 32-33 were purified with 10% methanol in dichloromethane to yield 7-hydroxylupanine (4) (52.3 mg), and fractions 51-77 purified with 15% methanol in dichloromethane to yield N-methylenehydroxycytisine (1) (40.1 mg).
The dichloromethane extract of the stem and bark (2.40 g) was separated on a 3 cm column sequentially using 500 mL each of a dichloromethane: methanol step gradient with 100% dichloromethane, and then 4%, 8%, 12%, and 15% methanol in dichloromethane. A total of 50×50 mL fractions were collected with 10 fractions being collected for each stage. Fractions 12-14 were combined and purified with 1% methanol in dichloromethane to produce methyl-3-(3',4'-dimethoxyphenyl)-2-propenoate (8) (22.5 mg) in fraction 1, and velutinine (3) (20.4 mg) in fraction 2. Although the n-hexane, ethyl acetate and methanol extracts were also separated into various fractions, no compounds of interest were found in them.
The n-hexane extract of the leaves (48.2 g) was separated successively with 100% n-hexane and then 10%, 20%, 30%, 40%, 50%, 60% dichloromethane in n-hexane and 100% dichloromethane with 24 fractions being collected in each stage. Fraction 68 was purified further with 20% dichloromethane in n-hexane to produce 12-oleanene-3-one (10) (32.6 mg) in fraction 2.
The dichloromethane extract (9.3g) was separated with 100% dichloromethane and then 5%, 15%, 16%, 20% methanol in dichloromethane, collecting 7 fractions of 50 mL each in each stage from a 3 cm diameter column. Fractions 30-33 were separated with 16% methanol in dichloromethane, where cytisine (7) (26.0 mg) was obtained in fraction 12. The ethyl acetate and methanol extracts did not contain any compounds of interest. 
N-Methylenehydroxycytisine

Antibacterial assay:
The bacterial strains used were the Gramnegative Pseudomonas aeruginosa (ATCC25922) and the Grampositive Enterococcus faecalis (ATCC29212). Both organisms were maintained in Muller Hinton (MH) broth overnight. The samples were dissolved in acetone to a known concentration (1.0 mg mL -1 ) prior to testing, except for compounds 8 and 10, which were prepared at 0.8 mg mL -1 and 0.7 mg mL -1 , respectively. The antibacterial assays followed the format of the serial microdilution assay of Eloff [27] . Two-fold serial dilutions of the samples (100 L) were prepared in wells of 96-well microtiter plates. Bacterial cells (100 L of an overnight culture) were then added to each well before incubation for 24 h at 37C. Iodonitrotetrazolium chloride (INT, Sigma, 40 L of a 0.2 mg mL -1 solution) was added to each well as an indicator of bacterial growth. INT, a colorless tetrazolium salt is converted to a red-colored formazan product by actively dividing cells. The minimum inhibitory concentration (MIC) was visually read as the lowest concentration of sample that inhibited microbial growth, as indicated by a visible reduction in the red color of the INT formazan. In each assay a negative solvent control and a positive control were included. Gentamicin (Sigma) was used as the antibacterial agent. The samples were tested in triplicate.
